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Abstract The paper presents a new mechanical-acoustic 
method of research of material degradation. As comparative 
method there was used microscopic technique (MO). 
Examinations were carried out on the samples of C 130 kind 
porcelain cut out from the rod of typical HV line insulator 
LP 75/31W. On the basis of acoustic emission (AE) measurements 
of slowly compressed samples, the successive stages of structural 
degradation have been registered.  
I. INTRODUCTION 
Acoustic method is suitable for the investigation of the 
destruction of ceramic materials, due to the fact that initiation 
and growth of microcracks belong to the main sources of AE 
signals. Examination of alumino-silicate and corundum 
ceramic materials enabled to state that the sum of AE events 
during the loading period is a good descriptor of the intensity 
of the processes of cracking, which are the cause of mechanical 
degradation of the material. There exists a correlation between 
the rate of the increase of cracks and the rate of AE events [1]. 
Registration of this descriptor allows monitoring the process of 
destruction of the microstructure of a ceramic material under 
load. The authors stated as well good correlation between the 
processes of material structure degradation, mainly connected 
with microcracks development, and the AE activity represented 
by the effective value of AE signal (RMS). There exist serious 
analogies between the effects of many years’ exploitation 
under load applied to the material and the compressive stresses 
in a relatively short lasting laboratory test.  
The authors are developing method of mechanical-acoustic 
testing of the ceramic materials. This method, together with 
comparative microscopic analysis of material structure, was 
employed for investigation of corundum material [2] and 
samples of the porcelain. Examinations performed on the 
electrotechnical porcelain C 120 kind had special importance. 
Comparing the structural degradation of the material of 
operated insulators and laboratory compressed samples, 
significant similarity was established [3]. Structural effects of 
slowly increasing compressive load applied to the material and 
aging processes, being result of many years of exploitation on 
power line, appear similar. 
Application of the acoustic emission method enabled to 
distinguish two stages of material degradation, considering 
clearly separated intervals of acoustic activity. The first stage 
of the material degradation occurs as a result of internal 
stresses existing in the ceramic body, mainly in the micro scale, 
created during the manufacturing processes. The process of 
increase of these defects has relatively low threshold and they 
can develope already at lower stress of the sample. The process 
of microcracks propagation under exploitation conditions, 
however, is slow and takes many years. The second stage of 
AE activity corresponds to long lasting development of 
subcritical defects. Damage of quartz grains, precipitations of 
mulite and cracks in glassy matrix develope gradually. The 
process of dekohesion is partly stopped, microcracks are 
branched on phase boundaries. Overcoming of each of these 
boundaries requires some energy. Only under sufficiently high 
load, there takes place a process of the propagation of big 
cracks, which precedes the disintegration of the sample. These 
effects find distinct reflection in AE activity. The single cracks 
join together in the process of time, and after branching out 
they lead to the development of a network of cracks and finally 
the destruction of the object – Figure 1. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Cross-section of a sample loaded up to the beginning of critical 
stage of structure degradation (about 400 MPa), magnification 50x. Branched 
cracks in the central part of the sample are visible. 
 
Similar investigations were carried out also on specially 
prepared samples of porcelain C 130 kind. These tests were 
performed on small specimens containing fine, medium or 
numerous structural defects [4]. Examination was aimed to 
recognize influence of technological faults in the material 
structure on mechanical-acoustic characteristics and 
mechanical strength of the porcelain samples. It was found that 
the presence of areas of high internal stresses favours the 
generation and propagation of cracks, which causes the 
decrease of the strength of the samples by some tens of percent. 
This refers to areas with disturbed texture as well as fissures 
and densely distributed large pores. The non-homogeneities of 
the distribution of mullite precipitates and particularly of quartz 
grains are definitely less important. The mechanical strength of 
the material is determined primarily by the properties of the 
glassy matrix, containing a lattice of tiny, needle-shaped 
crystals of mullite and densely distributed fine grains of 
corundum. Even samples containing significantly defected 
structure, such as macroscopic textural defects, demonstrated 
relatively high compressive strength, exceeding 50 % of 
strength of specimens without defects. Mechanical-acoustic 
characteristics of a sample with big structural faults is 
presented on Figure 2. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. Course of AE events rate for a sample containing serious textural 
faults, which was destroyed at the stress 604 MPa. The continuous acoustic 
activity and high level of signals is observed. 
 
II. RESULTS AND DISCUSSION 
 
The most recent investigations of the porcelain material 
C 130 kind were performed on the samples cut off from the rod 
of typical HV line insulator LP 75/31W (2006). Purpose of this 
work was registration of the stages of structural degradation of 
the insulator’s material. Relatively short period of operation of 
products made of the material C 130 kind has not yet allowed 
obtaining sufficient information about ageing degradation in 
this type porcelain. Although production of this porcelainin the 
domestic industry began in 1979 (material denoted E-15), it 
became widely applied only in 1990s. Aluminous materials 
belonging to the triple system K2O-Al2O3-SiO2 have in general 
a similar composition of raw materials. In spite of that, the 
porcelains of C 120 and C 130 types differ from each other 
significantly in structure and the mechanical parameters. The 
investigation results, obtained up to now, seem to indicate a 
different character of the development of cracks in the material 
C 130 in comparison to typical aluminosilicate materials 
(including porcelain). This is the result of effective 
reinforcement by corundum and mullite phases. For these 
reasons, the results of investigation, carried out for other 
aluminosilicate materials, including the C 120 material cannot 
be applied to porcelain of C 130 kind. 
Mechanical-acoustic tests were carried out using specially 
constructed two-channel measuring system – Figure 3. The 
mechanical channel contained testing machine INSTRON 3382 
with computer control. The steel base, on which the sample 
was placed, functioned simultaneously as an acoustic 
waveguide. Velocity of the traverse of the machine equal to 
0.02 mm/min was applied. Simultaneously with the 
measurement of the load acting on the sample, AE descriptors 
were recorded. The acoustic measurement path contained a 
broad band transducer, preamplifier, AE analyzer and 
computer. 
Structural investigations of the effects of degradation of the 
material structure were carried out on several selected samples. 
Their loading was stopped after acting different compressive 
forces. The most important was examination of the samples, 
which were stressed up to the beginning of the critical stage of 
structure degradation. On Figure 4 there was presented typical 
mechanical-acoustic characteristics of the sample of C 130 
kind insulator porcelain under compressive stress. 
There were registered only very weak signals corresponding 
to the preliminary stage of the material degradation. These 
effects were recognized as the result of separation from matrix 
fragments of the porcelain cullet and grains of quartz. 
Threshold energy of these AE sources is such low, that signals 
could be hardly recorded. Next stage takes place at the stress of 
several hundreds of megapascals. This phase, named as 
subcritical, corresponds to long lasting effects of cracks 
development in the agglomerations of corundum grains. 
Particular grains are separated from matrix due to peripheral 
cracks growth. While stress increases, more number of grains 
inside the agglomeration becomes separated and cracks are 
getting longer. Simultaneously microcracks are initiated and 
grow inside big precipitates of mullite. Their parts are being 
surrounded by increasing microcracks. Cracks development in 
the matrix is however effectively hampered by strong structural 
reinforcement. This role play densely distributed fine grains of 
corundum and needle-shaped small crystals of mullite, acting 
as armament of the structure. AE effects of subcritical phase 
form single signals and occasionally intervals of continuous 
acoustic activity at differentiated values of stress. Structure of 
the material loaded up to advanced subcritical stage was 
presented on Figure 5. 
The AE activity corresponding to the critical stage of 
material degradation is continuous and has much higher energy 
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than in case of the earlier ones. Large cracks are growing 
especially in the middle part of samples, where the stresses 
become cumulated. The critical interval is comparatively short 
and characterized by a good repeatability of energy level of AE 
signals. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. Scheme of a double-channel measuring system for mechanical-acoustic investigation of ceramic samples: 1 – porcelain specimen, 2 – traverse of the 
testing machine, 3 – steel base functioning as AE waveguide, 4 – testing machine INSTRON 3382, 5 – computer controlling operation of the machine, 6 – AE 
transducer WD PAC type, 7 – preamplifier, 8 – AE analyser, 9 – computer recording AE descriptors.  
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Figure 4. The course of RMS AE rate versus the increase of compressive stress 
for the C 130 insulator porcelain sample. Loading was stopped at 741 MPa, 
just before destruction. 
 
 
 
Figure 5. Structure of C 130 kind insulator material loaded up to 728 MPa. 
Shady areas of various shape and size represent damaged agglomeration of 
corundum, crushed out grains of quartz and destroyed parts of precipitates of 
mullite (darker grey fields). 
 
The stages of material degradation, presented above, in the 
opinion of the authors take place during many years’ period of  
operation of insulator on overhead power line. Mechanical-
acoustic method, used together with comparative microscopic 
technique, enables description of the ageing processes in 
exploited insulator porcelain material. 
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